Objective: We aimed to establish a scoring system to predict the risk of breast cancer-related lymphedema. Methods: From April 2017 to December 2018, 533 patients who previously underwent surgery for breast cancer were enrolled in this cross-sectional study. Univariate analysis was performed to explore and define the risk factors. A scoring system was then established on the basis of odds ratio values in the regression analysis. Results: The additive scoring system values ranged from 6 to 22. The receiver operating characteristic (ROC) curve of this scoring system showed a sensitivity and specificity of 83.3% and 57.3%, respectively, to predict the risk of lymphedema at a cut-off of 15.5 points; the area under the curve was 0.736 (95% confidence interval: 0.662e0.811), with c 2 ¼ 5.134 (P ¼ 0.274) for the HosmereLemeshow test.
Introduction
Breast cancer is the most common cancer among women worldwide [1] . With the development of treatments, the outcomes of breast cancer patients are also improving. However, while these treatment technologies prolong the lifespan, distressing accompanying complications can negatively affect patient quality of life [2] . Breast cancer-related lymphedema (BCRL) is one of the most common and distressing complications among post-operative breast cancer survivors [3] , the incidences of which vary from study to study due to different target population, measurement time, etc., which range from 13.5% to 42.0% [4e6] . BCRL is the result of damage to the lymphatic drainage system after removing lymph nodes or/and administering radiation to the axillary lymph nodes [7] . The removal of lymph nodes includes sentinel lymph node biopsy (SLNB) and axillary lymph node dissection (ALND). Generally, damage to the lymphatic system associated with ALND is greater than that of SLNB, which means that postoperative breast cancer survivors who undergo ALND are more likely to develop lymphedema; however, patients who undergo SLNB are also at risk of lymphedema [8] .
BCRL can cause upper limb swelling, heaviness, immobility, and pain etc., which significantly negatively affect the quality of life [9, 10] . BCRL remains a challenge globally and continues to be a potentially lifelong, irreversible, and incurable complication with chronic and negative physical, psychological, and emotional effects for breast cancer survivors [9, 10] .
Therefore, prevention should be a focus in BCRL and it is paramount to screen high-risk groups for early detection and early management by identifying the risk factors for developing lymphedema that place breast cancer survivors at a higher risk. Published studies on the risk factors for BCRL have mostly explored the risk associated with either treatment-related or non-treatmentrelated risk factors. ALND and radiotherapy are the main treatment-related risk factors for BCRL [3] . Some non-treatmentrelated risk factors for developing lymphedema have also been reported, including high body mass index (BMI) [11, 12] , lymphedema-related harmful behaviors [13] , etc.
However, while each of these factors contributes independently to lymphedema, their combined effects on individual outcome have rarely been reported. Currently, there is no publicly recommended risk assessment model for BCRL. Previous studies have tried to build risk prediction models or risk assessment systems for BCRL by comprehensively analyzing the relationship between different risk factors and the occurrence of lymphedema [14e18]. For example, Bevilacqua et al. [14] developed a nomogram that incorporated age, BMI, radiotherapy fields, level of ALND, and number of cycles of neoadjuvant therapy to predict the risk of arm lymphedema in breast cancer patients after axillary node dissection. Li et al. [19] demonstrated this nomogram to be an accurate and discriminative tool in Chinese breast cancer patients. Wang et al. [18] also developed a scoring system to estimate the risk of lymphedema based on multivariate logistic regression analysis for patients with ALND, and the level of ALND, history of hypertension, surgery on dominant arm, radiotherapy, and surgical infection/seroma/early edema were included in the scoring system as the independent risk factors for developing BCRL.
Nevertheless, the existing studies mainly focused on patient demographic and clinical factors and paid less attention to the postoperative behaviors of patients. Most guidelines [20, 21] strongly advise that postoperative patients avoid harmful behaviors such as blood draws, injections, blood pressure measurements, trauma, lifting heavy objects, saunas, etc., to reduce the risk of developing cellulitis and BCRL. However, with an absence of high quality evidence supporting these practices, these recommendations are based on expert opinion and physiologic principles. For example, hospital skin puncture is considered to be related to BCRL, which increases the risk of infection and inflammation of the affected arm, and then may induce or worsen lymphedema; in theory, exposure to extreme cold or heat and excessive pressure can lead to tissue damage that increases the risk of lymphedema [22] . Consequently, we should equally consider the postoperative behaviors of patients and their demographic and clinical factors. Further study is still needed to evaluate whether the performance of these models is impacted by other risk factors such as behaviors.
The main purpose of the present study was to establish a simple and efficient model to estimate the risk of BCRL based on combinations of demographic, medical, and behavior-related risk factors.
Methods

Study design and participants
This cross-sectional study was conducted at a tertiary hospital in Beijing between April 2017 and December 2018. Researchers took responsibility for recruiting the participants. Some were recruited when they returned to the hospital for postoperative reexamination or medication after surgery. Others were recruited by telephone. The latter participants had undergone surgery in this hospital between 2012 and 2016 and returned to the hospital after agreeing to join the study. The inclusion criteria for participants were as follows: (a) women; (b) aged 18 years or older; (c) unilateral breast cancer diagnosed for the first time and finished surgery; (d) completed SLNB or ALND; (e) self-report of no cognitive or communication impairments; (f) willing and able to provide consent. The exclusion criteria were as follows: (a) radiation and/or chemotherapy were needed but not finished; (b) the occurrence of tumor metastasis or recurrence; (c) other conditions that could lead to edema (e.g. renal disease, malnutrition, or congestive heart failure); (d) previous surgery or injury occurred in the affected side's axilla or on the affected side's arm. After participant recruitment, two-thirds of the recruited patients were randomly selected by rand() function in Microsoft Office Excel for model establishment; the remaining patients were used for model validation.
The research project was approved by a biomedical ethics committee of the university (IRB00001052-15073). All participants were informed of their confidentiality and voluntary participation. Each participant in this study provided informed written consent before being included.
Data variables
Demographic and medical information: We applied a selfdesigned questionnaire to collect demographic and medical information regarding breast cancer and lymphedema. The demographic information included age, height, weight, average household monthly income, education, marital status, employment status and methods of medical payment. The medical information included dominant arm, surgical site, tumor location, tumor staging, pathological type, type of surgery, breast reconstruction, type of axillary lymph node surgery, axillary lymph node status, number of axillary lymph nodes removed, postoperative complications, radiotherapy, chemotherapy, neoadjuvant chemotherapy, hormonal therapy, menstruation status and comorbidities.
Lymphedema-related precautionary behaviors: We used the questionnaire developed by Fu et al. [23] . This self-report checklist is used to assess breast cancer survivors' practice of precautionary behaviors. The checklist comprises 15 behaviors, including blood draws, injections, blood pressure measurements, trauma, lifting heavy objects suddenly, etc. By choosing either "Yes" or "No" to indicate the presence or absence, each behavior can be considered as a categorical variable.
BCRL status: In this study, lymphedema was defined by circumferential measurements. We used a well-established protocol for sequential circumferential arm measurements to measure the bilateral limbs: at the hand proximal to the metacarpals, the wrist, and every 4 cm from the wrist to the axilla [24] . An increase in arm circumference of 2 cm or more in the ipsilateral arm was considered diagnostic of BCRL [25] .
Data collection
Circumferential measurements were performed according to the protocol by a single researcher to avoid errors between the evaluators and the measurement results were recorded accurately and faithfully. The participants included in the study completed the self-report questionnaires, including demographic information and information on lymphedema-related harmful behaviors. The researchers retrieved and checked information from electronic medical records.
Data analysis
Analysis was performed with IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, N.Y.). Categorical variables were summarized as frequencies and percentages; continuous data were presented as means with standard deviation (SD). Chi-square test and fisher's exact test were used to perform univariate comparisons of qualitative variables. Significant factors identified in the univariate analysis were entered into the logistic regression model to produce a multivariate regression equation. An additive scoring system of independent factors was then developed on the basis of odds ratio (OR) value to predict the risk of BCRL.
Establishment and evaluation of the scoring system
Generally, we can build a function based on multivariate logistic regression analysis that can be used to estimate the risk of illness. However, since the regression coefficient is often small and the decimal number large, the memorization and calculation are troublesome and a computer is usually required, which is inconvenient to use. Therefore, for the convenience of calculation and use, a simple scoring system can be established according to the results of the logistic regression analysis [26] . In this study, we established an additive scoring system to predict the risk of BCRL based on the OR value from the logistic regression analysis. The additive scoring system was developed on the basis of the OR value, and the scores of the variables contained in the scoring system were set as their corresponding integral value of the OR value. The total score of all variables can predict the risk of lymphedema in breast cancer survivors. The cut-off values, sensitivity, and specificity of this additive scoring system were determined by receiver operating characteristic (ROC) curve method, the predictive efficiency was assessed by the area under the curve (AUC), and the predictive accuracy was assessed by the HosmereLemeshow test.
Results
We enrolled 533 breast cancer survivors. 
Medical characteristics
Among the 355 patients used for model establishment, several significant medical risk factors were identified in univariate analysis, including tumor staging (UICC), type of surgery, type of surgery (breast), type of axillary lymph node surgery, axillary lymph node status, number of lymph nodes dissected, subcutaneous hydrops, postoperative infection, early edema on affected arm, neoadjuvant chemotherapy, chemotherapy and radiotherapy (Table 2 ).
Lymphedema-related precautionary behaviors
Regarding lymphedema-related precautionary behaviors among the 355 patients, except for "use the affected arm to lift or carry heavy objects suddenly", there were no statistically significant differences between the two groups. The results of the univariate analysis are shown in Table 3 .
Multivariable logistic regression analysis
Significant variables in univariate analysis were entered in a logistical regression analysis (Forward: LR). The result of this analysis is shown in Table 4 . The included variables were type of surgery (breast) (lumpectomy ¼ 1, mastectomy ¼ 2), type of axillary lymph node surgery (SLNB ¼ 1, ALND ¼ 2), early edema on affected arm (no ¼ 1, yes ¼ 2), neoadjuvant chemotherapy (no ¼ 1, yes ¼ 2), radiotherapy (no ¼ 1, yes ¼ 2), and "use the affected arm to lift or carry heavy objects suddenly" (no ¼ 1, yes ¼ 2).
Scoring system
Based on the results of the multivariable logistic regression analysis, an additive scoring system was designed to predict the individual risk and probability of BCRL after operation among breast cancer survivors. The possible total scores of the additive scoring system ranged from 6 to 22. The variables and their corresponding scores in the additive scoring system are shown in Table 5 .
The ROC curve corresponding to the scoring system is shown in Fig. 1 . For this additive scoring system, the AUC was 0.736 (95% CI ¼ 0.662e0.811). For a cut-off value of 15.5 with the highest Youden's index, the sensitivity was 83.3% and the specificity was 57.3%. These values indicate that the scoring system had a good discrimination ability. The result of the HosmereLemeshow test was c 2 ¼ 5.134 (P ¼ 0.274), indicating the good fit of the model.
Discussion
This study applied multivariate logistic regression analysis to estimate the combined effects of demographic, medical, and behavioral-related variables to obtain a succinct set of vital and independent risk factors to include in the scoring system. Our scoring system to predict the risk of BCRL in breast cancer patients has been validated to be discriminative and accurate. The scoring system is based on multivariable statistical approaches and shares similar benefits with those of other prediction models; additionally, this tool does not require a computer, calculator, or complex statistical processing, making it convenient to obtain a predictive score.
Our study included mastectomy, ALND, early edema on the affected arm, neoadjuvant chemotherapy, radiotherapy and "use the affected arm to lift or carry heavy objects suddenly" as the independent risk factors for developing BCRL.
Well-defined risk factors for developing lymphedema include ALND, mastectomy and radiotherapy [3] . ALND is the most heavily weighted factor in scoring system and has also been identified as an independent predictor of BCRL in a prospective cohort study [3] . Lymph node removal is one of the main risk factors for BCRL. Over the past decade, the prevalence of BCRL has decreased with the practice of SLNB; however, ALND is still required for some breast cancer patients with positive axillary lymph nodes, in whom lymphedema continues to be a considerable problem. As for mastectomy, previous studies have shown the same results. A randomized trial of Ozcinar et al. [27] and a meta-analysis of Tsai et al. [28] showed that the incidence of lymphedema in patients with mastectomy was higher than that in patients with breast conserving surgery. Radiotherapy has been acknowledged as the risk factor of BCRL, which is due to the adverse effects of radiotherapy on the skin and subcutaneous tissues in the irradiated areas. Numerous studies have shown that radiotherapy does increase the risk of lymphedema [17, 29] .
Whether neoadjuvant chemotherapy is a risk factor for BCRL has not been determined. It has been suggested that neoadjuvant chemotherapy could, in theory, decrease BCRL incidence by reducing the number of positive lymph nodes [8] . In the study of Kim et al. [6] , neoadjuvant chemotherapy was not found to be a significant risk factor associated with BCRL. More studies are needed to define the role of neoadjuvant chemotherapy in BCRL risk.
It remains undetermined as to why, among breast cancer survivors with comparable demographics and treatment-related characteristics, some patients develop BCRL while others do not. This variation has stimulated speculation on lymphedema-related precautionary behaviors.
Owing to postoperative health education and patients' adherence to recommendations on precautionary behaviors, the prevalence of most precautionary behaviors was low, such as sunburn, trauma, injections, ipsilateral blood draws, etc. Mosquito bites in the affected limb were most common because they were not easy to avoid; however, they generally have little effect on patients and there is little relevant research demonstrating it as a risk factor of BCRL. The prevalence of air travel was in the second place. Air travel has received relatively little attention; thus, its incidence rate was relatively high. Theoretically, air travel can have a harmful effect on lymphedema. Changes in cabin pressure during an airplane's ascent and descent and the relatively low cabin pressure at high altitude are assumed to contribute to this problem [30] . However, the indications from the published literatures are contradictory [11,31e33] . In the present study, among such behaviors, only "use the affected arm to lift or carry heavy objects suddenly" was associated with lymphedema. This may due to the affected limb muscles' excessive tension caused by excessive use, which breaks the balance of lymphatic return and then induces lymphedema [34] .
Precautionary behaviors in relation to lymphedema risk remains controversial, and this uncertainty influences the decision-making of those at risk of lymphedema or those with lymphedema in contrasting ways. Further research is required to determine whether they can exacerbate lymphedema in postoperative breast cancer patients.
Screening, early detection, and treatment referral are of great importance to reduce lymphedema-related morbidity. Screening programs for BCRL, such as tape measurement of arm circumferences and bioimpedance spectroscopy, are inaccessible due to their relatively high costs (including human and material resources), time, and money. If resources are limited, screening could be aimed primarily at groups at high risk for BCRL for optimal outcome and cost-effectiveness. Consequently, the identification of high-risk groups is important. A predictive scoring system incorporating several risk factors of BCRL would be quantitative and helpful. When screening programs are unavailable, the scoring system can be used as a quick and convenient screening tool. Therefore, this scoring system can be used for predicting the risk of BCRL of patients after breast cancer surgery to identify high-risk groups. For high-risk groups, closer monitoring is needed and more accurate screening programs are recommended. A patient identified as having signs of BCRL should be referred to a qualified and professional clinician, such as a certified lymphedema physical therapist, an occupational therapist, or a rehabilitation physician. Nurses who are involved in the care of cancer patients play important roles.
They must collaborate across service lines and across disciplines to implement screening, early education, and early referral to lymphedema clinicians for all at-risk populations [35].
Study limitations
Due to the limitation of research time, this study was conducted in only one hospital in China and a convenience sampling method was used to recruit the participants, which may have limited the generalizability of this additive scoring system. In addition, data were collected retrospectively. Prospective research methods could be adopted in future studies to comprehensively collect factors related to BCRL and multi-center studies can ensure the extensibility of the model. And, the duration of post-operation was not included in the study. Despite these limitations, we consider that this additive scoring system could be used by physicians as a convenient tool to estimate the individual risk of BCRL.
Conclusions
In conclusion, an additive scoring system using combinations of risk factors was proposed to estimate the probability of lymphedema. Its predictive efficiency and accuracy were shown to be good, indicating that this scoring system could be used to predict risk and screen high-risk groups for BCRL. This system may help promote the screening, detection, and management of lymphedema.
Funding
This study was supported by Nursing Research Grant of Peking University Health Science Center (BMU20160517).
Conflicts of interest
The authors declare no conflict of interest. Writing -review & editing.
